Disubstituted o-phenylenediamines 10 were generated by reaction with ethoxymethylene malononitrile, ethyl ethoxymethylene cyanoacetate and diethyl 2-(ethoxymethylene)-malonate, followed by aromatic aldehydes. These compounds proved to be highly stable even under microwave irradiation. This feature, associated to a convenient substitution pattern, makes them suitable candidates to be tested for their biological activity or to be used as ligands for the preparation of metal complex catalysts.
Introduction
The reaction of amines and aromatic aldehydes to generate imines is a well known and extensively studied method to generate these compounds. 1 When o-phenylenediamine 1 is reacted with an aldehyde 2, the isolation of the monosubstituted compound 3 (Scheme 1) is not an easy task as this species either cyclizes intramolecularly to generate the 2-arylbenzimidazole 5 [2] [3] [4] [5] [6] or it rapidly incorporates another aldehyde molecule leading to the diimine 4 7 , that directly evolves to the N-benzyl-2-arylbenzimidazole 6. The reaction of amines with ethoxymethylene compounds has also been widely used to prepare the corresponding aminomethylene derivatives. 11, 12 The present work is part of a project aiming at the synthesis of flexible analogs of clozapine, a golden standard for the treatment of schizophrenia, used when other medications fail due to the severe adverse side effects, in particular agranulocytosis. Synthetic efforts were centered on the use of o-phenylenediamine as a precursor of disubstituted compounds, where different moieties were incorporated in each aromatic amino group.
Results and Discussion
In this work, the diamine 1 was reacted with 1.2 molar equivalents of 4-hydroxybenzaldehyde and the solids were grounded in a mortar for 5 min. The solid was suspended in water and stirred at rt for 1 h leading to product 3 (Scheme 1, Ar = 4-HOC 6 H 4 ), isolated in 99% yield. In DMSOd 6 solution, this compound rapidly evolved to benzimidazole 5. Considering that intramolecular cyclization was difficult to prevent, this synthetic approach was abandoned and the diamine 1 was initially reacted with ethoxymethylene compounds 7a-c 13, 14 . The reaction was carried out in ethanol and product 8 rapidly precipitates form solution as an off-white solid (Table 1) and is isolated in an analytically pure form by a simple filtration. The lower isolated yield of compound 8a is probably due to a facile intramolecular cyclization to generate benzimidazole 9 (Scheme 2) with elimination of malononitrile. This evolution can be clearly followed by 1 H NMR of a solution of 8a (15 mg) in DMSO-d 6 (650 µL).
Compound 9 (16%) was already present in the freshly prepared solution and after 6 days at rt complete evolution occurred. The structure of compound 9 was confirmed by elemental analysis, IR and NMR spectroscopy, including HMBC and HMQC correlation spectra. Figure 1 . The presence of two conformers was previously reported in the literature for compounds analogous to 8a and 8b. Studies by IR and NMR spectroscopy and ab initio calculations support these observations for (phenylamino)methylene propanedinitrile 19 and for other push-pull enamines with two cyano substituents or one cyano and one acetyl group 20 . The presence of an intramolecular hydrogen bond was recognized as an important influence on the conformational behaviour of this type of molecules 21 . The IR, Raman and NMR spectra of 2-aminomethylene-2,4-pentanedione indicate that this compound exists as a single isomer 22 and this was also the case for the analogous structure 8c, prepared and fully characterized in this work. The reaction of o-phenylenediamine with ethoxymethylene cyanoacetate was also carried out under microwave irradiation, in the absence and in the presence of base (DBU). The results, summarized in Table 2 , indicate that the condensation product 8b is quantitatively formed when a 1:1 molar ratio of the reagents is irradiated at 300 W for 3 min ( Table 2 , entry 1). Addition of 1 equivalent of DBU followed by 7 min under 300W lead to the benzimidazole 9 as the only product ( Table 2 , entry 2). When a catalytic amount of DBU was used and the mixture was irradiated at 300 W for 4 min, a 2:1 mixture of the condensation product 8b and of o-phenylenediamine 1 were identified by 1 H NMR. Traces of the cyclic benzimidazole 9 can also be detected ( Table 2 , entry 3). Microwave radiation was used to induce intramolecular cyclization on compounds 8a, 8b and 8c. The success of this reaction was expected to depend on the formation of the appropriate conformational isomer. Microwave would assist the interconversion of conformers through an efficient bond rotation and was expected to generate the benzodiazepine ring through a favoured 7-exo-dig cyclization process (Scheme 3, pathway a)). 16, 23, 24 The reaction was initially performed on a kitchen microwave oven at the 800 W power level. The solid samples (8a, 12.3 mg; 8b, 12.6 mg and 8c, 14.4 mg) were irradiated for 1 min, followed by an extra period of 2 minutes and then 5 minutes. After a total of 8 minutes of radiation, no evolution was detected by tlc (Table 3 , entries 1, 3, 5). The samples were irradiated for a further 30 minutes, and the compounds were analysed by 1 H NMR. Compounds 8b and 8c
were recovered unchanged (Table 3 , entries 4 and 6) but 8a was a 2:1 mixture of benzimidazole 9 and starting material 8a (Table 3 , entry 2). In this case, a 5-exo-dig intramolecular cyclization occurred to generate the imidazole ring (not the 7-membered ring) with elimination of malononitrile, also identified in the 1 
H NMR spectrum (Scheme 3).
A new set of experiments were performed using the scientific microwave equipment and compounds 8b (8.6 mg) and 8c (9.0 mg) were irradiated at a constant power of 300 W for 14 min and than at 600 W for 1 hour. In both cases, no evolution was detected by tlc (Table 3 , entries 7 and 10). N-Methylpiperazine (0.5 molar equivalents) was added and the compounds were irradiated at 300 W. After a total of 32 minutes, compound 8b led to a homogeneous solution and 1 H NMR indicated that intramolecular cyclization was the major pathway leading to benzimidazole 9. (Table 3 , entry 8). Addition of DMSO to compound 8b followed by 1 hour at 600 W (Table 3 , entry 9) also resulted in the formation of benzimidazole 9 (an equimolar amount of ethyl 2-cyanoacetate was equally identified in the 1 H NMR spectrum).
Compound 8c (Table 3 , entry 11) remained unchanged after 32 min at 300 W. An aqueous solution of sodium carbonate (2M, 1 mL) was added to this compound and the mixture was than irradiated for 1 min at 300 W. The solid obtained after complete removal of the solvent was identified by 1 H NMR as 8c (Table 3 , entry 12).
The unsuccess to generate a 7-membered ring by intramolecular cyclization of compounds 8a, 8b and 8c, led us to prepare compounds 10, from the reaction of 8 with aromatic aldehydes 2 ( Table 4 ) and to study their reactivity under microwave conditions. The best experimental conditions for the reaction of substituted aniline 8b with aldehydes 2 corresponds to the use of a 1:1 molar ratio of these reagents in acetonitrile and in the presence of 1 drop of piperidine. The product precipitates form the reaction medium as a yellow solid and is isolated in good yield (Table 4 , entries 2-7). The reaction of compound 8a with aldehyde 2b under these optimized conditions (Table 4 , entry 1) led to a lower yield of product 10a (48%). When aldehyde 2a was used in this reaction, the only product isolated was the corresponding arylidenemalononitrile (43%) probably arising form the reaction of 2a with malononitrile, formed as a result of intramolecular cyclization of 8a (Scheme 2). This competitive reaction usually leads to complex mixtures, from where it is difficult to isolate a pure product and no further reactions were performed.
The reaction of 8c with aldehydes 2 led to products 10h-m (Table 4 , entries 8-13) more soluble in acetonitrile than the analogous structures 10b-g. (Table 4 , entries 2-7). Most of these products were isolated as two separate crops, one corresponding to the solid that precipitates directly form the reaction medium and another obtained after removal of the solvent. The values quoted in table 4 for the yield of these compounds refer to the total isolated yield.
Compounds 10a-m were fully characterized and the NMR spectrum shows that only one isomer is present in DMSO-d 6 solution. Coupling was always observed between the NH and CH protons of the enamine moiety for compounds 10c-m (δ NH 11.5-12.0 ppm, δ CH 8.5-8.7 ppm, J approximately 14 Hz) . The presence of a single isomer is probably the result of imine formation. This leads to one possible intramolecular H-bond involving both aromatic nitrogen atoms ( Figure  2, structure 10 (A) . A preferred imine configuration is foreseen for compounds 10 due to steric hindrance caused by the bulky aromatic ring. Studies were also carried out on the reactivity of compounds 10e, 10c and 10l, under microwave irradiation. In this case, the enamine moiety was expected to cyclize intramolecularly with the imine carbon atom, leading to a 7-membered ring system through a favored 7-endo-trig process. This compound could evolve to the oxidized structure 11 or to the diazepine 12 after elimination of HCN (when EWG 1 = CN) (Scheme 4). No evolution was detected by tlc on compound 10e after microwave irradiation (100 W, 1 min; 200 W, 1 min; 400 W, 1 min; 300 W, 7 min) ( Table 5, entries 1, 2, 3) . Addition of basic alumina (Table 5 , entry 4) or Montmorillonite K10 (Table 5, entry 5) followed by microwave irradiation that was raised to 600 W (1 min) was equally unsuccessful.
Compounds 10c and 10l were also found to be stable upon irradiation at 300 W (14 min) and 600 W (60 min) ( Table 5 , entries 6 and 10). Addition of N-methylpiperazine (0.5 molar equivalents) followed by 52 min at 300 W (Table 5 , entries 7 and 11) or addition of 2M sodium carbonate (1 mL) with irradiation at 300 W for 2 min (Table 5 , entries 8 and 12) resulted in the recovery of the starting material.
Addition of DMSO to compound 10c (Table 5, entry 9) followed by 1 hour at 300 W and 1 hour at 600 W led to a 1:1 mixture of benzimidazole 9, and the corresponding arylidene cyanoacetate (identified in the 1 H NMR spectrum). 
Conclusions
In conclusion, the disubstituted o-phenylenediamine 10, generated by reaction with substituted ethoxymethylene compounds followed by aromatic aldehydes, proved to be a highly stable structure even under microwave irradiation. This behavior does not compare with that reported for mono-and disubstituted arylidene o-phenylenediamines, which are unstable and cyclize spontaneously, in solution, to the 2-arylbenzimidazole or to the N-benzyl-2-arylbenzimidazole. The neat solid 10 was exposed to an increasing radiation power (form 100 W to 600 W) over a variable time period (1 min to 1 h) and the starting material was quantitatively recovered. The use of basic alumina or Montmorillonite K 10 as solid supports and raising the irradiation power to 1600 W was equally ineffective.
Addition of base (N-methylpiperazine or aqueous sodium carbonate) also resulted in the recovery of the starting material. The substitution pattern of these compounds associated with their high stability makes them convenient compounds to be tested for their antipsychotic activity and also to be used as ligands for the preparation of metal complex catalysts.
Experimental Section
General. All compounds were fully characterized by elemental analysis and spectroscopic data. The NMR spectra were recorded on a Varian Unity Plus ( C correlation spectra (HMQC and HMBC) and deuterated DMSO was used as solvent. IR spectra were recorded on a FT-IR Bomem MB 104 using Nujol mulls and NaCl cells. The reactions were monitored by thin layer chromatography (TLC) using silica gel 60 F254 (Merck). The melting points were determined on a Stuart SMP3 melting point apparatus and are uncorrected. Elemental analyses were performed on a LECO CHNS-932 instrument. (A and B) Ethyl 2-cyano-3-(2-(4-hydroxybenzylideneamino)phenylamino)acrylate (10b). Piperidine (1 drop) was added to a solution of ethyl 3-(2-aminophenylamino)-2-cyanoacrylate 8b (0.09 g; 0.41 mmol) and 4-hydroxybenzaldehyde (0.05 g; 0.41 mmol) in acetonitrile (1 mL). The mixture was stirred at room temperature and after 1.5 h, a yellow solid precipitated from solution and was filtered and washed with a 1:1 mixture of cold diethyl ether and petroleum ether. The product was identified as ethyl 2-cyano-3- (2-(4-hydroxybenzylideneamino) 
Representative procedure for the reaction of o-phenylenediamine with ethoxymethylene compounds

